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Since longwall mining was introduced in the U.S.in 1960 
it has been adopted by an increasing number of coal mine ope­
rators due to its inherent advantages over other coal mining 
methods. However, for a longwall mining operation to be succe­
ssful, certain geologic conditions must be present, these con­
ditions related primarily to the particular roof and floor rock 
and coal seam characteristics. The effect of such characteris­
tics on longwall mining can be evaluated through the applica­
tion of a carefully designed rock mechanics instrumentation 
program.
This thesis demonstrates that a rock mechanics instrumen­
tation program can be applied to a longwall panel and the re­
sults obtained used to control and improve the overall effici­
ency of longwall mining. The rock mechanics program described 
in this work was designed to determine rock mass response due 
to longwall mining of a thick coal seam utilizing shield-type 
supports at the York Canyon Mine, near Raton, New Mexico.
Information from the width of the pressure arch can be 
used to design the barrier pillar and the same information can 
be employed to estimate the maximum load in chain pillars. The 
convergence instrumentation can be used to estimate the nece­
ssary yield of the hydraulic entry jacks and face supports.
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Physical test results from the laboratory and from the field 
provided information about the bearing capacity of the floor 
relative to shield loading.
Information collected from the instrumentation indicates 
the following:
1- The shield instrumentation demonstrated that adverse 
roof and floor conditions did not influence shield loads.
2- Panel pressure cells and headgate convergence instru­
mentation showed that the width of the maximum pressure arch 
was related to the depth of overburden and correlated well 
with published data.
3- Damage to the chain pillar pressure cells prevented the 
positive determination of the presence or absence of a rear 
abutment. Headgate convergence instrumentation indicated the 
possibility that a rear abutment is not present at York Ca­
nyon Mine (panel 5N ).
4- Total measured convergence was below the convergence 
xeported by other investigators.
5- The roof tends to move toward the face and towards the 
panel, irrespective of the face position relative totfche mea­
surement point.
6- Rdof sag instrumentation showed that the massive roof 
sandstone behaved like an uniformly loaded cantilever beam 
prior to caving.
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The work presented in this thesis is part of a more gen­
eral rock mechanics research program being applied at Kaiser 
Steel Corporation's York Canyon Mine. In general this program 
is examining the response of the rock mass to longwall mining 
of a thick coal seam utilizing shield-type supports. To accomp­
lish this goal, measurements have been and are being taken 
both underground and at surface. Three longwall panels are 
under investigation. These panels are designated as Fourth 
North (4N), Fifth North (5N), and Sixth North (6N). Panel 4N 
has been mined and the results obtained published.
This report describes the underground part of the instru­
mentation program applied to longwall panel 5N. The instrumen­
tation program was specifically designed to provide the following 
information:
1 - Determine the qualitative changes in stress in
coal pillars adjacent to the panel and in the face 
abutment ahead of the advancing longwall panel face.
An effort was also made to determine the onset of 
the rear pressure abutment.
2 - Provide a complete description of roof falls, floor
heaving and other similar ground control problems 
associated or induced by longwall mining.
3 - Thoroughly describe conditions encountered, methods
and techniques used in negotiating shield-type
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supports through fault zones, roof and/or floor 
weak zones.
The field work was supported by laboratorial testing per­
formed at the Mining Research Lab of Colorado School of Mines.
The instrumentation covered two areas: (1) the shield
supports at the face, and (2) the entries along and adjacent 
to the panel. The shield support instrumentation consisted of 
sixteen hydraulic pressure recorders, installed on nine selected 
shields.
Ten instrumentation stations were installed in the entries 
surrounding the panel in order to provide information about 
the rock mass reaction to mining. A typical station consisted 
of hydraulic pressure cells, convergence instrumentation, bore­






Kaiser Steel Corporation's York Canyon Mine is located 
approximately 40 miles west of Raton, New Mexico, and 10 miles 
south of the Colorado - New Mexico border (Figure 1). The 
study area is denoted as the Fifth North (5N) longwall panel. 
The panel was located approximately 5500 ft. in from the Pros­
pect Portal (Figure 2). The panel had an average width of 
430 ft. and the average final mined-out length was 2002 ft.
The panel centerline was oriented northwest-southeast and the 
direction of mining advance was towards the southeast.
TOPOGRAPHY
Regional Topography
The topography of the region is irregular, developed on 
variably-resistant slope forming beds of sandstone, siltstone, 
shale and coal (Figure 3).
The topography in the site area is composed of three 
principal landform types: flood plains, valley slopes and
broad ridge crests. The flood plains are generally flat, with 
several stream channels entrenched 5 to 10 ft. below the flood 
plain surface. The valley slopes are moderate, averaging be­
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level uplands that separate drainage areas and average from 
500 to 1500 ft. in width.
Panel Topography
The topography above 5N longwall panel consists of a dis­
sected, terraced valley slope. The slope dips moderately to 
the soutwest and strikes north-south. The average slope angle 
is between 8 and 9 degrees but this represents slope segments 
of 10 to 20 degrees that connect the relatively level terrace 
benches.
The panel centerline was approximately parallel to the 
slope trend. Elevations were higher along the headgate (north­
east) side of the panel. Elevations varied from a high of 
approximately 8000 ft. over the headgate of the panel to a low 
of 7775 ft. at the tailgate of the panel.
Development of the topography is controlled by the geo­
logic framework. Ridges are generally capped by sandstone while 
valley bottoms are underlain by shale. Most topographic elements 
are developed along the north-south east-west or northwest - 




The York Canyon Mine is located in the southern part of
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the Raton Basin (Figure 4) , a large arcuate structural and 
depositional trough that extends roughly from Huerfano Park, 
Colorado, to Cimarron, New Mexico (Pillmore, 1969, p.125).
The basin is bounded on the west by the foothills of the Sangre 
de Cristo Mountains and on the east by the Sierra Grande-Las 
Animas Arch (Johnson and others, 1966, p.88). To the south 
the basin merges through faulting and folding into the Cimarron 
Mountains (Johnson and others, 1966, p.88).
Rocks exposed in the area are sedimentary and consist of 
a sequence of alternating shales, coal beds, siltstones and 
sandstones. These are subdivided into five formations (Figure 
5), and vary in age from Late Cretaceous to Paleocene (Pillmore, 
1969, p.125). The stratigraphic section represents regression 
of a Cretaceous sea and subsequent deposition of mud, silt, 
sand and carbonaceous material in low-lying, coastal swamps, 
flood plains and river deltas (Johnson and others, 1966, p.94).
Tertiary dikes and sills of considerable lateral extent 
have been intruded throughout the area, locally destroying 
large amounts of coal (Pillmore, 1969, p.125). However, the 
intrusives are not present in the area of the mine.
Panel Geology
The York Canyon Mine produces coal from the York Canyon 
seam in the coal-bearing zone of the Raton Formation (Pillmore, 
1969, p. 134 - 135).
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mostly slope forming beds of sandstone, siltstone, mudstone 
and shale, locally including coal beds of minable thickness 
(Pillmore, 1969, p.129).
A program of field observations and borehole geophysical 
logging was utilized to determine the stratigraphic relation­
ships of the geologic materials above longwall panel 5N. Field 
observations consisted of the inspection of surface outcrops 
above the test panels and measurements of coal seam stratigraphic 
relationships in entries adjacent to the longwall panel. Geo­
physical borehole logging was performed in test boreholes to 
install the multiple-position borehole extensometers (MPBX).
These logs, in conjunction with logs of cuttings for each hole, 
were utilized to provide additional stratigraphic data for the 
central portions of the longwall panel 5N.
Description of the three field methods utilized to deter­
mine the site stratigraphy are presented in Appendix A.
The overburden above the test panel can be subdivided into 
two components: the rock overburden and an overlying layer of
unconsolidated soil and weathered bedrock.
The unconsolidated overburden is composed by soils developed 
in place and soils transported into the area and deposited.
These soils are derived from outcrops of sandstone and shale 
and are composed of fragments of sandstone and siltstone in a 
sandy, silty, clayey matrix.
The thickness of the unconsolidated overburden is variable 
and depends upon the location with maximums of up to 20 ft.
T-1988 12
along the bottoms of the draws or gullies.
All soils are underlain by a zone of weathered bedrock.
The thickness of this zone tends to be fairly constant through­
out the area above panel 5N and is apparently independent of 
rock lithology. A geophysical velocity profile performed over 
panel 4N indicated a low velocity layer (approximately 1500 
ft./sec.) down to a depth of 35 ft. This correlates well with 
results from logging cuttings from the MPBX holes in the area 
of panel 5N. The cuttings logs indicate weathering of the bed­
rock down to depths of 30 to 50 ft.
The stratigraphy of the rock overburden above panel 5N is 
complex, representing deposition of fine-grained sand, silt, 
mud and carbonaceous material on flood plains and in swamps 
(Johnson and others, 1966, p.96). Rock layers tend to be thin 
with rapid lateral variations in lithology.
The predominant lithology above the test panel is shale 
which comprises 35 to 45 percent of the stratigraphic section. 
The shale units tend to be thinly laminated, locally calcareous 
and contain numerous thin interbeds of siltstone, sandstone 
and carbonaceous material. Individual beds vary in thickness 
from less than one foot to a maximum of about 30 ft. The 
average thickness observed was approximately 10 ft. The shale 
beds generally lack strength and locally exhibit numerous 
slickensided fracture planes.
Sandstone beds comprise approximately 35 percent of the 
stratigraphic section above the test panel. These units occur
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as widespread beds with variable thickness and locally occur 
as channel-type deposits with variable thickness and lateral 
extent. The sandstones are thin to thick bedded with fine-to 
medium-grained, quartz grains in a matrix of silt, shale and 
calcareous cement. The beds locally contain numerous thin 
partings of shale and carbonaceous material. The thickness of 
the sandstone beds varies from less than one foot to about 20
ft. with an average thickness of about 5 ft. The sandstone
units are generally strong, competent units.
Siltstone comprises 15 to 25 percent of the stratigraphic 
section in the panel area. Unit thicknesses vary from less 
than one foot to a maximum of about 20 ft. The siltstone units 
generally lack strength although locally, where the percentage 
of shale in the matrix is low, the units are very competent.
Coal, boney coal and carbonaceous shale comprise the re­
mainder of the stratigraphic section in the panel area. These 
units are generally thinly laminated to thin bedded and vary 
in thickness from less than one foot to a maximum of about 5 ft. 
They are generally incompetent units and lack strength.
The stratigraphy of the coal seam and adjacent roof and 
floor rocks was determined with observations in entries adja­
cent to longwall panel 5N and with analysis of the geophysical 
logs from the MPBX boreholes drilled into the panels. A 
detailed stratigraphic column of the strata immediately above 
and below the coal seam is presented on Figure 6 .
The York Canyon seam consists of a main coal bed and an
T-1988
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upper coal bed. The two coal beds are separated by a shale 
split.
The main part of the coal seam averaged about 8 ft. in 
thickness throughout longwall panel 5N. The seam was thickest, 
about 9 ft., within the central portions of the panel and 
towards the tailgate side. It thinned to about 7 ft. around 
the headgate of the panel. The main seam consisted of high 
volatile, A-bituminous, banded coal.
The shale split lies above the main part of the seam. It 
was a weak, thinly laminated, carbonaceous shale. The shale 
split varied in thickness from one foot to 5 ft., increasing 
in thickness toward the southeast and northeast.
The upper coal layer is a firm, banded, shaley coal. Its 
thickness in the area of panel 5N averaged about 1.5 ft. and 
increased slightly towards the southeast.
The roof immediately above the upper coal layer consists 
of a sandstone unit and an overlying silty shale unit. The 
sandstone unit is medium-to fine-grained, fresh and strong and 
acted as a single, massive unit. The thickness of the sand­
stone above panel 5N was fairly constant and averaged about 8 ft.
The silty shale layer is thinly laminated with varying 
amounts of sand, silt and carbonaceous material. This unit 
averages about 8 ft. in thickness.
The floor immediately below the coal seam consists of a 
one foot, weak, shale layer. The shale layer overlies a 
sandy, shaley siltstone layer that averages about 9 ft. in
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thickness. This unit is fresh and strong but contains weaker 
beds composed of numerous thin partings of coal and carbon­
aceous siltstone. The lithology beneath the siltstone unit 
was variable, grading laterally from a shale to a sandstone.
Geologic Structure
In the area of the test panels, the coal seam and sur­
rounding units are essentially flat-lying with an average 
strike of approximatley N10°W. This trend is modified by 
shallow folding and localized faulting throughout the panel 
area. The folding consists of small-scale anticlinal and syn­
clinal forms that are probably related to differential compaction 
and consolidation of underlying sediments (Stewart, 1977, p.19). 
Figure 7 presents a structure contour map of the base of the 
coal seam for the three test panels.
Jointing
Jointing and fracture patterns within the coal seam and 
surrounding rock were determined with the detailed line method 
described by Savely (1972). This method is described briefly 
in Appendix A.
In general, the major set was longer, more continuous and 
more widely spaced than the other joint sets. The major joint 
set cuts through most other joints. Minor joint sets tended 
to terminate against the major joint set.
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The jointing pattern, or cleat, within the coal seam 
exhibited three average orientations. The major direction, 
denoted as the face cleat, trended east-west to N80°E with a 
vertical to high-angle, northerly dip. Cleat spacing averaged 
between 2 and 3 ft. with a maximum spacing of 5 ft. and a min­
imum spacing of about 6 inches. The face cleat exhibited smooth, 
planar surfaces with some localized calcite coating. It tended 
to be closed to locally open up to 0.01 ft. Lateral continuity 
and length averaged from 5 to 12 ft.
The orientation of the butt cleat varied from N53°W to 
N66°W with a high-angle, northerly dip. Butt cleat spacing 
averaged between 1 and 2 ft. with a maximum spacing of about 
4 ft. and a minimum of about 1 inch. The butt cleat exhibited 
irregular, curvilinear surfaces. It tended to be open to locally 
closed and calcite coated. Lateral continuity and length 
averaged less than 5 ft.
A third joint set, similar to the butt cleat was well de­
veloped at some locations of the panel. This set trended approx­
imately N20°E with a near-vertical dip. The set was poorly 
developed to absent at other locations.
Jointing in the overlying rock strata was determined from 
observations within the longwall panel and on the outcrop.
Two significant joint trends were apparent in the roof sand­
stone: the major set striking east-west and the minor set
with an average strike of N12°W. Dips tended to be vertical 
to steeply inclined to the north. Joint spacing averages 3 to
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5 ft. with a maximum spacing of 8 ft. Joints tended to be 
planar with some localized calcite coating. Joints observed 
underground were generally tight or slightly open. The face 
cleat was related to the major joint trend. In many cases 
joints could be traced from the floor through the coal seam 
and into the capping sandstone. The butt cleat appeared to 
be related to the minor joint set only where coal seam thick­
nesses were less than 6 ft. (Stewart, 1977, p.25). Where coal 
seam thicknesses exceeded 6 ft., the butt cleat was generally 
independent of the minor joint set and terminated against the 
roof sandstone.
Faulting
The fault encountered during mining of panel 5N trended 
approximately N60°W. The fault was a normal fault dipping to 
the south. In Table 25, p.150, data is presented on fault 
offsets and apparent dips. The fault did not appear to ad­
versely affect the roof rock to any significant degree. No 
large shear zones were noted adjacent to the fault zone. The 
fault plane was clean with little or no associated drag folding.
Groundwater
Groundwater was not a significant factor in the longwall 
mining operations. No significant seepage was noted along 
entries adjacent to the longwall panel or along the working
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face.
The principal source of groundwater was due to infiltra­
tion of surface water. Permeabilities within the stratigraphic 
section are dependent upon the joint systems. As the mined 
out areas caved, the vertical permeability of the rock strata 






The subsurface instrumentation program described in this 
report is the continuation of the program initiated in 1975 at 
Kaiser Steel Corporation's York Canyon Mine with the mining of 
longwall panel 4N. The objective of the underground rock mech­
anics program was to provide additional data relating rock mass 
response to longwall mining of a thick coal seam utilizing 
shield supports. The program was similar to the one followed 
on longwall panel 4N and included instrumentation to determine 
the response of the shield support systems and the rock mass 
to mining. A program of laboratory and in situ testing to 
evaluate physical rock properties was also implemented.
The shield support instrumentation consisted of two double 
and fourteen single hydraulic pressure recorders. The recor­
ders were installed on nine selected shield supports. The 
purpose was to determine the effects of panel width-to-depth 
ratios on shield loading and to enable correlation between 
applied loads, mining activity and geologic conditions.
Four intensive instrumentation stations (A, B, C, and D 
shown on Figure 8 ) were installed along the entries adjacent 
to the longwall panel to determine rock mass response in ad-
T-1988
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vance of the longwall face. Each of the stations was equipped 
with panel pressure cells, convergence instrumentation, dif­
ferential roof-floor horizontal movement instrumentation and 
double-position borehole extensometers to measure roof-sag and 
floor-heave. In addition to the aforementioned intensive 
instrumentation stations, six stations (E, G, X, K, L and 3, 
Figure 8), were used to collect information about the rock 
mass response to mining. Instrument layouts within station 
areas are shown on Figures 9 through 15. One pressure cell was 
placed in each of four chain pillars between stations A and 
C (Figure 8). The purpose of these cells was to determine the 
onset and relative magnitude of the rear pressure abutment 
imposed on the chain pillars between two caved panels. A con­
tinuous convergence meter was used along the headgate side of 
panel 5N to collect information on convergence of the openings 
with respect to distance from the face. A detailed description 
of the installation, monitoring procedures and suggested mod­
ifications for each type of instrument are presented in Appen­
dix A.
A special helical roof bolting study was conducted in 
four consecutive crosscuts between panels 5N and 6N shown on 
Figure 8 . A total of 28 roof bolts were installed, ten straight 
bolts and eighteen special high-yield helical roof bolts. The 
loads imposed on the bolts were monitored with sensitive 
vibrating wire rock bolt load cells. Some of the data collected 
is presented in Appendix B, Tables B-21 and B-22. The roof
T-1988
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bolt study was conducted under the supervision of Clarence 0. 
Babcock, U.S.B.M., who was responsible for the installation 
of the roof bolts and for the interpretation and analysis of 
the data. The monitoring of the bolts was conducted by CSM 
personnel.
The program of physical rock property determinations 
consisted of laboratory and in situ testing. The purpose of 
the program was to determine the physical characteristics of 
the coal seam and of the strata in the immediate roof and floor. 
The physical property tests included determination of uniaxial 
and triaxial compressive strengths and moisture contents.
Laboratory tests were performed on NX-sized core (2 1/8-in. 
diameter) obtained from large blocks of coal collected at the 
5N longwall face. The in situ testing consisted of plate 
bearing tests and coal rebound hardness determinations. Roof 
and floor strata were not tested in this panel area due to the 
unavailability of an appropriate drill from the Bureau of Mines 
for procuring samples. Detailed descriptions of the test pro­
cedures are presented in Appendix A.
PHYSICAL ROCK PROPERTIES
No core drilling of the roof and floor rock was done in 
panel 5N. For this reason only coal was available for deter­
mination of physical properties. Approximately 1/2 ton of 
coal, gathered at several locations along the longwall panel,
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was returned to the Mining Research Lab of Colorado School of 
Mines for testing.
A total of thirteen NX-sized (2 1/8-in. diameter) coal 
samples were prepared and tested in uniaxial and triaxial com­
pression. Three samples were tested in uniaxial compression 
and 10 in triaxial compression. Density determinations were 
made on 5 coal samples. The quantitative results of the en­
tire physical testing program are presented in Appendix B, 
Tables B-l, B-2, and B-3. These results are also presented 
graphically in Appendix B, Figures B-l and B-2. Table 1 pre­
sents the average strength parameters measured for the coal 
of panel 5N and also for the roof and floor sandstone obtained 
during the panel 4N testing program.
The following description of relative properties of the 
roof, seam and floor rocks is based in part on 4N report com­
ments :
The coal was the most uniform of the three rocks tested. 
The coal had the highest intact rock angle of internal friction 
and Poisson's ratio and the lowest strength, elastic stiffness 
and residual shear strength. In short, the coal is most uni­
form but least elastic of the rocks tested. This is a low 
strength and stiffness coal, probably resulting from its recent 
formation and low rank.
The roof sandstone is on average moderately strong and 
exhibits a moderate elastic stiffness. It does, however, ex­
hibit an extremely wide scatter of compressive and shear
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properties. This high variability is probably the result 
of thin coal stringers scattered throughout the roof sand­
stones. The variation of physical properties no doubt facil­
itates the collapse and caving of the roof which should 
facilitate longwall mining.
The floor s&hdstone is the strongest rock tested in 
compression. It also has the highest overall shear strength. 
This sandstone has a high compression strength, but low elas­
tic stiffness in comparison with typical sandstones. This 
sandstone is more uniform than the roof sandstone, both in 
properties and in appearance in core samples. The angle of 
internal friction determined is, however, very low.
It was not possible to test the approximately 1-ft. of 
boney coal at the top of the seam or the approximately 1-ft. 
of carbonaceous shale at the base of the seam. These beds 
fell apart during drilling and (or) specimen preparation.
These beds are in potentially critical locations but can not 
be tested in the lab. The in situ jacking tests examined 
properties of these beds.
The 110 ft. wide roof span at the time of initial panel 
caving indicates that the rock mass compression of the roof 
sandstone is not less than 8 30 psi. This rock mass compression 
strength of the roof sandstone was calculated assuming the 
roof only had to support itself, was fixed-end, was 15-ft. 
thick and at a depth of 430 ft. If the weaker main-roof, thin 
bedded shales and sandstones above the near-roof were loading 
the roof sandstone, its rock mass compression strength could 
actually approach 12,000 psi.
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Plate Bearing Tests
The bearing strength and deformation moduli of the 
strata immediately above and below the coal seam were 
determined in the vicinity of longwall panel 5N, at the 
locations shown on Figure 16. Tests were performed with 
a 200-ton hydraulic jack equipped with a 400,000 lb. pressure 
gage, a 10,000 psi hand-operated hydraulic pump, scales to 
measure roof and floor penetration, steel pipe extensions, and 
square penetrometer plates of 6-, 8-, and 10-in. sides. A 
description of the field operations is included in Appendix A.
Moduli determinations based on the test data collected 
were computed and are presented in Tables 2 and 3. Selected 
graphs of deformation vs. load are presented on Figures 18 
thru 21. Some examples of the data collected are presented in 
Appendix B, Tables B-5 and B-6 . Isopach maps of floor and roof 
deformation moduli values are presented on Figures 16 and 17.
Only three rock types were present and tested for bearing 
capacity and deformation modulus. The floor rock tested 
was generally a silty shale of variable competency and fracture 
intensity. The large variability in floor rock strength can 
be attributed to the variable fracture intensity and to the 
presence of thin layers of interbedded coal in the upper 2 or 
3 ft. of the floor shale. These interbeds are variable in 
thickness and lateral extent. The greater the percent of 
these interbeds the lower the deformation moduli.
The roof rock consisted of two rock types: coal (top or
T-1988
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roof coal averaging 1.5 ft. in thickness) and an unmined thin
coal layer (less than 4 inches below the carbonaceous shale).
Moduli for the roof rock exhibited standard deviations of
2.8 psi/u-in. The bearing capacity of the roof varies with 
in.
the thickness of the thin coal layer. In some tests the coal 
supported the total applied load, while in other tests the 
coal crushed out and the shale began to pick up some of the 
load. An indication of such an occurrence was the abnormally 
high initial deformations of the roof.
Of the several jacking tests performed, only one produced 
a failure (test no. 7A). The calculated floor bearing capacity 
at that point was 4,860 psi. At the other test locations the 
strata did not fail at the capacity of the system (200 tons), 
even when the smallest bearing plate (6-in. x 6-in.) was used.
The jacking tests conducted enabled prediction of zones 
of soft floor around panel 5N (Figure 16). In spite of the low 
bearing strength of the floor shale, the longwall shields did 
not experience any specific problems in advancing, even where 
the bearing strength of the floor was weakened by water at 
the longwall face. The variation of the roof deformation mod­
ulus around panel 5N is shown on Figure 17.
The number of tests performed did not permit statistical 
evaluation of the effect of plate size on bearing capacity, 
deformation modulus or dispersion of results. However, it is 
obvious that larger plates more closely approximate the areas
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covered by the shield bearing surfaces. Deformation modulus 
tests performed with larger plates should be more realistic 
because they should average out more rock variations, aniso- 
tropy and fractures than the smaller plates.
Coal Hardness Tests
A Schmidt Hammer was utilized to obtain coal rebound 
hardness values. Readings were taken at the 5-ft. level and 
at 50-ft. intervals along both sides of panel 5N. A total of 
five readings were taken at each test location, and the more 
consistent last three determinations were then averaged to 
obtain the coal hardness. A summary of rebound hardness data 
is presented in Tables 4 and 5. The results indicate that coal 
hardness varies from 10.3 to 33.3 with a mean of 21.1, and a 
standard deviation of 6 .0 .
According to Soiltest, Inc. studies for a coal with a 
dry unit weight of 127 pcf, the 21.1 hardness value would cor­
relate with an uniaxial compressive strength of approximately
3430 psi, and with a modulus of deformation of 1.23 psi/u-in.
in.
The laboratory results for the same coal were respectively 
1640 psi and 1.36 psi/u-in.1 i 1m.
Figure 22 is an isopach map of coal hardness for panel 
5N. The coal hardness tended to increase towards the middle 
of the panel where it reached a maximum. The coal hardness 
decreased in both directions toward the ends of the panel.
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Since no shearer power consumption records were obtained 
during the mining of panel 5N, no relationship could be estab­
lished between the coal rebound hardness and shearer power 
consumption.
ANALYSIS OF SUBSURFACE INSTRUMENT DATA
The objective of this instrumentation program was to 
provide additional data on the loads imposed by longwall 
mining activity upon the shield supports, upon the coal seam 
and immediate roof and floor rock, and to determine the var­
iations in these applied loads with mining advance. Instru­
mentation was installed adjacent to panel 5N at ten station 
areas as shown on Figure 8 .
For the purpose of this presentation, the instrumentation 
has been subdivided into two categories: support load instru­
mentation and entry instrumentation.
Support Load Instrumentation
Nine selected shield-type roof supports were equipped with 
hydraulic pressure recorders in an attempt to determine the 
effects of panel width - to - depth ratios on shield loading, 
and the relationship between mining activity, support load 
history and geologic conditions.
The recorders were mounted in pairs on each selected 
shield to monitor ram pressure on each shield leg because, when 
loaded, the shield acts as a three point system with each leg
f  ARTHUR LAKES LIBRARY
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO 80405
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free to act independently. The dual recording system was main­
tained to check results obtained during mining of panel 4N, 
indicating differential loading of the shield, possibly caused 
by higher topography to the east of the panel area.
The pressure recorders were attached to shields 5, 13,
21, 31, 45, 59, 69, 77 and 85, numbered from headgate to tail­
gate. A spacing of eight shields was adopted for the first 
and last shields to help define the zone of pillar influence. 
The wider spacing for the central portion of the longwall face 
was adequate for determining the roof load pattern along that 
region. The instrumented shields were equipped with two single 
recorders (one for each leg) except shields number 77 and 85 
which were equipped with double pen recorders.
The longwall face was initially 440 ft. wide, employing 
a total of 93 shields across the entire length of the face plus 
the two gate entries, each 16 ft. wide. The initial average 
shield center-to-center spacing was 60.9 inches. Because 
panel 5N tapered (decreased) in width as mining progressed, 
two shields were withdrawn from the tailgate in the course of 
mining panel 5N.
The shield supports were built by Hemscheidt of Germany 
and have the specifications listed in Table 6 .
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TABLE 6
CHARACTERISTICS OF HEMSCHEIDT SHIELD 320 HSL
Height of Supports Closed 49 in.
Open 138 in.
Width of Shields 59 in.
Diameter of Leg 8.66 in.
Number of Legs Per Shield 2
Design Setting Pressure Per Leg 5,000 psi
Design Setting Load Per Leg 146 tons
Design Yield Pressure Per Leg (Macimum) 6,000 psi
Design Yield Load Per Leg (Maximum) 176 tons
Width of Roof Plate 53.15 in.
Length of Roof Plate 110 in.
Length of Cantilever 71 in.
Thickness of Roof Plate 5.9 in.
D.A. Ram Maximum Stroke 33.5 in.
Pulling Force of Shield 30 tons
Pushing Force of Conveyor 12 tons
Weight of Supports 10 tons
The data obtained from the shield pressure recorders during 
mining of panel 5N is summarized in Table 7. This table shows 
the tabulated mean values of setting pressure and final pressure 
for each shield ram. Ram setting pressures and final pressures 




SUMMARY OF AVERAGE SETTING PRESSURES AND FINAL PRESSURES 
FOR SHIELD, PANEL 5N, YORK CANYON MINE
Shield Number Set Pressure Final Pressure





2 IE 2751 4600
21W 3012 4795













1. E represents headgate ram and W represents 
tailgate ram.
2. The mean value, standard deviation and 
standard error for shield setting pressures 
are presented in Table 8 in the text.
The mean value, standard deviation and 
standard error for shield final pressures 



















































































The mean value of the ram setting and ram final pressures are 
presented along with the standard deviation and standard error 
of the mean values on Tables 8 and 9, respectively. Tables 10 
and 11 indicate the time required for the shields to assume 
roof loads during two periods of mining inactivity.
The time elapsed between setting and release and advance 
of the shields was highly variable, ranging from less than two 
hours to more than two days. Elapsed time between the last 
setting and yielding during two holiday periods is presented 
in Tables 10 and 11. Shields located in the more heavily 
loaded center of the panel, away from the influence of barrier 
and chain pillars and along stable caved panel 4N, appeared to 
stabilize more rapidly than those closer to the gate entries.
A comparison of shield final pressure (Figure 24) shows 
no consistent differential loading of either one of the shield 
legs. Th^ only visible trend on Figure 24 is that the shield 
final loads for the center of the panel are higher than those 
for the shields closer to the headgate and tailgate entries.
The width of the shield roof plates is only 53.15 inches which 
apparently is not enough width to pick up the load effects 
caused by an uneven topography. The pressure difference be­
tween both shield legs are probably more related to individual 
valve characteristics or pressure drops in the hyraulic cir­
cuits .
The hydraulic pressures recorded by the pressure recorders 




SHIELD SETTING PRESSURES, MEAN VALUE, STANDARD DEVIATION 
AND STANDARD ERROR, PANEL 5N, YORK CANYON MINE
Shield Number x (3) S (4) Sx (
and Ram (1) n (2) (psi) (psi) (ps
5E 38 2871 773 125
5W 37 2780 764 126
13E 39 2554 864 138
13W 39 2503 930 149
2 IE 36 2751 912 152
21W 39 3012 912 146
3 IE 38 3045 862 140
31W 39 2851 834 134
45E 36 2719 1266 211
45W 39 2868 1117 179
59E 39 2964 907 145
59W 39 3051 957 153
69E 38 2854 905 147
69W 39 2656 913 146
77E 35 2606 799 135
77W 35 2647 941 159
85E 39 2409 855 137
85W 38 2538 893 145
NOTES:
1. E represents headgate ram and W represents 
tailgate ram.
2. Number of data points. The data concerns only 
weekends and vacation periods.
3. Mean value.
4. Standard deviation.




SHIELD FINAL PRESSURES, MEAN VALUE , STANDARD DEVIATION
AND STANDARD ERROR, PANEL 5N, YORK CANYON MINE
Shield Number 







5E 38 3420 1030 167
5W 37 3285 1067 175
13E 39 4097 1282 205
13W 39 3895 1357 217
2 IE 36 4600 1157 217
21W 39 4795 1027 164
3 IE 38 4562 1191 193
31W 39 4679 1259 202
45E 36 4538 1381 230
45W 39 4751 1193 191
59E 39 4682 1269 203
59W 39 4815 1296 208
69E 38 4617 982 159
69W 39 4446 1162 186
77E 35 4070 1195 202
77W 35 4207 1208 204
85E 39 3800 1225 196
85W 38 4087 1158 188
NOTES:
1. E represents headgate ram and W represents 
tailgate ram.
2. Number of data points. The data concerns only 
weekends and vacation periods.
3. Mean value.
4. Standard deviation.
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foot of roof area. In the calculation the legs were assumed 
to be perpendicular to the shield roof plates. In fact, the 
angle of inclination of the leg was generally between 10 and 
20 degrees. The maximum error resulting from this assumption 
is about 6%. The average face length supported by each of 
the 9 3 shields initially employed on the face was 5.1 ft. The 
maximum roof support load was 57.1 tons per ft. of face. A 
set of roof load calculations was made for two situations: 
shields with roof canopy extended and shields with roof canopy 
retracted. The results are given in Table 12.
TABLE 12 
SHIELD RESISTANCE CHART
Shield Roof At Setting
Canopy Load (tons/sq ft)
Extended
(Length = 9.35 ft) 3.96 (55.0 psi)
Retracted





The loads applied by the shields to the roof and floor 
strata are well below their bearing strengths, as indicated 
by the results of the jacking test program carried on along 
the entries adjacent to panel 5N.
Figure 25 presents shield roof load density history vs. 





KAISER YORK CANYON MINE 
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5TH NORTH PANEL
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The peak load densities plotted were computed with the 
roof canopy of the shield extended. The load density for each 
instrumented shield (east plus west rams) was determined for 
the dates and face position indicated. To insure that anomo- 
lous individual values were not used, records for the one week 
period including the indicated date were averaged to insure 
that each load density plotted represented a reasonable value. 
Points of equal value were connected with isoload/density lines. 
The roof load density increases from both ends of the panel 
towards the center. The isoload/density lines tended to paral­
lel the panel centerline. Both sides (gates) of the panel 
showed a lower load density indicating the arching effect of 
load onto the chain pillars. This zone of pillar influence 
tends to vary from 80 to 110 ft. out from panel ribside. The 
load applied by the shields to the roof is clearly higher on 
the tailgate side than on the headgate side. The tailgate 
higher loads are probably related to the proximity of caved 
panel 4N which already imposed high loads upon the tailgate 
chain pillars and adjacent panel 5N. The normal fault encoun­
tered on September 23, 1976 did not result in any significant 
increase or decrease in applied roof load, anywhere along the 
face.
Caving of the main roof took place when the face had 
advanced 110 ft. Up to that time, after the beginning of the 
panel, the shield setting loads were always higher than the 
final loads. The pressure decrease ceased after caving occurred.
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Initial caving was indicated by the shield pressure recorders 
as a large increase in the shield hydraulic pressure.
Entry Instrumentation
The entries adjacent to panel 5N were instrumented to 
determine the behavior of the rock mass as the longwall face 
advanced. The instrumentation consisted of hydraulic pressure 
cells, convergence meters, differential roof-floor horizontal 
movement instruments and borehold extensometers. A descrip­
tion of the instrumentation as well as the installation and 
monitoring procedures is contained in Appendix A.
Pressure Cells:
Twenty three hydraulic pressure cells were installed in 
the coal seam at various locations within the longwall panel 
and in the pillars adjacent to the longwall panel. The pres­
sure cells were classified according to their location as 
panel pressure cells, chain pillar pressure cells and barrier 
pillar pressure cells.
The pressure cells were oriented to respond to variations 
in the vertical stress field induced by mining. Since the 
pressure cells can not be calibrated, they only recorded rela­
tive changes in vertical stress. Based on these measurements 
the onset of the front or face pressure abutment, the location 
of the face abutment pressure peak and the location of the onset 
of the rear pressure abutment could be established.
T-1988
Panel Pressure Cells: Each of the following stations: A, B,
C, D, and 3 (Figures 8 through 12 and Figure 15) was equipped 
with two pressure cells. One was installed 50 ft. inside the 
coal seam and at an angle of 8 0° with the rib and the other 
at a depth of 30 ft. and at an angle of 70° with the rib. In 
this way information could be collected until the destruction 
of the pressure cells without jeopardizing the integrity of 
the continuous pressure recorders.
In Table 13 is presented a summary of setting pressures 
and maximum pressures recorded by the panel pressure cells.
A tabulation of pressure abutment data for the panel pressure 
cells is presented in Table 14. Figures 26 through 29 are 
graphs showing typical pressure cell response to face advance. 
Typical examples of the data collected are presented in Appen­
dix B, Tables B-7, B-8 , and B-9.
After installation, the pressure cells were pressurized 
at a load approximately equivalent to the estimated stress 
exerted by the overburden. The time required for the pressure 
cells to adjust themselves to the internal pressure of the 
longwall panel at the test site was found to be dependent on 
the initial setting pressure. The stabilization time varied 
from several days to several weeks. Before the pressure cell 
was under the influence of the advancing longwall face, the 
pressure gage was replaced with a continuous pressure recorder 
This operation necessitated the repressurization of the pres­
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pressure vs. distance to the face. As the face advanced, the 
front abutment moved forward and as soon as it was within the 
area of influence of the pressure cells it was detected by 
them. The pressure would then increase at a more or less in­
creasing rate until the pressure cell was seven or fewer feet 
away from the longwall face, at which time a pressure release 
was observed. After the destruction of the pressure cell the 
continuous pressure recorder was removed. The continuous 
pressure charts plainly show the onset of front abutment as 
well as the pressure release. It was decided that a pressure 
increase of 10 psi above the normal stress level was signifi­
cant and this criterion was used to establish the location of 
the onset of the front pressure abutment for all pressure cells.
The variations in arch distance or influence zone (i.e., 
distance from the face at which a significant increase in 
stress was registered by the pressure cells) with increasing 
overburden thickness is presented on Table 14. Three groups 
of data, that from longwall panels 4N and 5N penle pressure 
cells, and data from previous studies on arch distance (The 
North of England Safety in Mines Research Committee, 1949) and 
the equation for best fit curve are presented on Figure 30.
The equation for the data curve is the best fit regression 
curve. Several different types of regression curves were ap­
plied to the data (logarithmic, parabolic, power, exponential 
and linear) and the resultant correlation coefficients and 
standard errors were calculated. These results are shown in
T-1988
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Appendix B. The logarithmic curve fit had the highest squared
2correlation coefficient (r = 0.901) and was utilized to pre­
dict arch distance. At this stage of the studies the results 
indicate that there is a good correlation between overburden 
thickness and arch distance.
Panel pressure cell release data is presented on Table 
15. Pressure cells 3/P-17 and 3/P-18 were located too far 
away from the final position on the longwall face to show signs 
of pressure release. The pressure release data represents the 
distance from the pressure cell to the working face when the 
pressure cell recorded a sharp pressure decrease. It repre­
sents the onset of the destressed zone and furnishes an indi­
cation of the distance to the vertical stress peak behind the 
exposed pillar rib (Abel and Hoskins, 1976, p.12).
The peak stress location equation presented by Abel and 
Hoskins (1976; Appendix B) was employed to estimate the pres­
sure release distances. A comparison of those values with the 
pressure release data given by the pressure cells is presented 
on Table 16.
There is an obvious and consistent difference between the 
calculated and the observed values. This difference may be 
due to a degradation of the coal mass cohesion values. The 
calculated values were computed using a cohesion of 418 psi 
determined by lab tests which may be higher than the in situ 
coal mass cohesion. Visual inspections of the longwall panel 




SUMMARY OF PANEL PRESSURE CELL PRESSURE 
RELEASE DATA, PANEL 5N, YORK CANYON MINE, 
RATON, NEW MEXICO
Distance to face at time 
Panel Pressure of cell pressure release (2)












1. The locations of panel pressure cells are 
shown on Figure 8 .
2. Distances to the mining face at the time 
indicated cell pressure registered a significant 




COMPARISON OF PRESSURE CELL RELEASE DATA
Calculated Observed










within 20 ft. of the face. This might well reduce coal co­
hesion values near the longwall face and extend the yielded 
area ahead of the longwall face.
Chain Pillar Pressure Cells: A total of nine pressure cells
were installed in the chain pillars adjacent to longwall panel 
5N. Two such pressure cells were installed along the headgate 
entry (pressure cells E/P-25 and G/P-25; Figures 12 and 13), 
five along the tailgate entry (pressure cells A/P-25, Rl/P-25, 
R2/P-25, C/P-25 and 3/P-16; Figures 8 , 9, 11 and 15), and two 
in the pillars located at the south end of panel 5N (pressure 
cells K/P-25 and L/P-25; Figure 15).
In Table 17 is presented a summary of setting pressures 
and maximum pressures recorded by the pillar pressure cells. 
Table 18 is a compilation of the pressure abutment data for 
the chain pillar pressure cells. Graphs of the changes in 
vertical stress inside the pillar with face position are shown 
on Figures 31 through 35. The chain pillar pressure cells 
located between panels 4N and 5N measured pressure changes that 
were smaller but similar to the ones measured by the panel 
pressure cells. The onset of front pressure abutment was more 
than twice as far ahead of the longwall face, for a similar 
overburden thickness. One factor that may have contributed 
to the wider pressure arch detected in the tailgate chain 
pillars is the proximity of panel 4N caved area. Intensive 
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of the face after the panel was half mined-out. Based on 
subsidence curves (Figures 36 and 37 plotted on data collected 
during the surveying program, it is obvious that the coal in 
the central part of the pillar (confined core) resisted fail­
ure even though under larger loads. This fact indicates that 
the lateral confining force increased towards the center of 
the pillar. Lab results show that the York Canyon seam coal 
strength increases as much as two times its unconfined strength 
just by the addition of 300 psi lateral confining stress.
The relative magnitude of the pressure changes varied from 
0.5 psi per foot of face advance when the face was more than 
50 ft. away to about 1.5 psi per foot of face advance when the 
face was less than 50 ft. distant. In one case (pressure cell 
C/P-25) the rate of pressure change was about 12 psi per foot 
of face advance for a distance to the face less than 50 ft.
The onset of pressure abutment for the chain pillars between 
panels 5N and 6N occurred at the same distance as that indi­
cated by the panel pressure cells. This reinforces the idea 
of the influence of 4N caved area over the location of the 
pressure abutment for the 5N tailgate pillars.
Chain pillar pressure cells K/P-25 and 3/P-16 (Figure 15) 
located around the 5N barrier pillar presented the largest 
values for the onset of front pressure abutment. This condition 
is probably related to their proximity to the barrier pillar.
All chain pillar pressure cells located in the 5N tail­






















































with the purpose of gathering information on the onset and 
relative magnitude of the rear abutment. Unfortunately,, 
shearing of the copper tubing connecting the pillar pressure 
cells to the read-out location made this impossible. Only 
pressure cell R2/P-25 survived to more than 100 ft. behind the 
face line before it was destroyed. This distance, however, 
was not far enough to locate the onset of the rear abutment.
The presence of the rear pressure abutment (if any) could 
not be positively established. An effort will be made on 
panel 6N to collect more positive information on the problem 
of existence and location of the rear pressure abutment.
Barrier Pillar Pressure Cells: Pressure cells K/P-30, K/P-50,
L/P-30, and L/P-50 were installed at the south end of panel 5N 
(Figure 15) and designed to examine loads on the barrier pillar.
Table 19 presents a summary of setting pressures and 
maximum pressures recorded by the barrier pillar pressure cells. 
Table 20 shows the onset of pressure abutment for the barrier 
pillar pressure cells shown on Figures 38 through 41. The 
onset of front pressure abutment occurred at a significantly 
greater distance than indicated by the panel pressure cells.
The first signs of vertical stress increase were noticed when 
the face was as far away as 500 ft. The stress then increased 
slowly until the face was 200 ft. away. After that the increase 
was much faster until the mining of panel 5N stopped. Readings 
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showed that the stress developed by mining tended to stabilize 
rapidly after mining stopped.
Convergence Instrumentation:
Vertical convergence between the roof and floor was 
measured in the gateroads of longwall panel 5N to determine 
how far ahead of the face and to what extent the roof was 
affected by mining. No convergence readings were taken along 
and across the face area.
Convergence of roof and floor in the entries was deter­
mined by measuring the vertical distance between two opposite 
points in the roof and floor. Two different types of con­
vergence meters were used: a manual tape extensometer and a
continuous recording convergence meter. Details on instrument 
installation and monitoring techniques are given in Appendix 
A.
Three convergence instruments were installed in station 
areas A, B, C, D, E, and G and are displayed on Figures 9 
through 13. The convergence instruments, consisting of verti­
cally opposite bolts anchored in vertical holes in the roof and 
floor, were installed on a line across the entries. Two were 
installed 1-ft. away from the edge of the panel and pillar 
ribs and the third was located in the center of the entry. 
Interesting closure information was obtained from this partic­
ular instrument disposition.
At station X a different convergence instrument arrange-
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ment was employed. Nine convergence stations were installed 
as shown on Figure 14 to measure the deflection across the 
double entry system between panels 5N and 6N.
The recording convergence meter was also stationed in 
four crosscuts between panels 5N and 6N. These locations are 
indicated as 1, 2, 3 and 4 on Figure 8.
Examples of typical convergence data collected are pre­
sented in Appendix B, Tables B-10, B-ll and B-12. A summary 
of convergence instrumentation results is presented in Table 
21. Examples of convergence data vs. face distance is presented 
on Figures 42 through 50.
All the convergence instruments recorded the same conver­
gence pattern: a convergence increase without discontinuity
as distance to face decreased and with elapsed time since the 
start of mining panel 5N. The graphs of convergence vs. dis­
tance to face can be divided into two parts. The first part
can be defined by a low but constant rate of convergence (ap-
-4proximately 1.44 x 10 in./ft of face advance). The second 
zone is characterized by a much higher rate of closure appar­
ently influence by the approaching face. The distance from 
the face at which accelerating convergence was first detected 
is shown on the graphs. No statistical correlation was found 
between this distance and the overburden thickness, which 
agrees with previous results obtained during mining of panel 
4N, and with other researcher's observations. No correlation, 




SUMMARY OF CONVERGENCE INSTRUMENTATION RESULTS 
PANEL 5N, YORK CANYON MINE
Overburden Maxi]
Convergence D (1) Thickness Conver<
Instrument (ft) (ft) (in.)
A/C-l 152.0 393 1.153
A/C-2 152.0 393 1.292
A/C-3 170.0 387 0.813
B/C-l 230.0 510 0.446
B/C-2 230.0 512 0.518
B/C-3 290.0 515 0.285
C/C-l 158.0 443 3.000
C/C-2 158.0 440 2.480
C/C-3 158.0 436 0.830
D/C-l 170.0 566 0.677
D/C-2 160.0 568 0.556
D/C-3 180.0 570 0.362
E/C-l 220.0 545 0.422
E/C-2 220.0 543 0.779
E/C-3 200.0 540 0.570
G/C-l 250.0 630 0.631
G/C-2 250.0 615 0.916
G/C-3 200.0 605 0.949
X/C-l 230.0 540 1.154
X/C-2 200.0 535 1.057
X/C-3 240.0 535 0.815
X/C-4 200.0 545 0.720
X/C-5 235.0 565 0.605
X/C-6 200.0 570 0.450
2 (4) 116.0 495 0.300
3 (4) 200.0 540 1.700
4 (4) 200.0 535 1.150
(2)
NOTES:
D represents the distance from the instrument to 
the longwall face at the time accelerating 
convergence was noted.
Maximum convergence recorded prior to the instrument 
destruction or removal to next station.
3. Continuous convergence recorder locations, as 
shown on Figure 8.
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convergence and the overburden thickness. The amount of con­
vergence measured on 5N tailgate entry was always higher (about 
2.5 times) than the convergence reported on the headgate side, 
despite the fact that the overburden is thicker over the head­
gate side. A possible explanation residesintheproximity of 
panel 4N caved area along the tailgate entry, which apparently 
causes the chain pillars to support higher loads with consequent 
squeezing of the pillars.
There does, however, seem to be some correlation between 
total recorded convergence and instrument location. Along the 
5N tailgate entry the instruments closer to the pillar rib 
always showed greater convergence than the instruments located 
in the middle of the entry and those close to the panel rib 
(Figures 51 and 52). Along the headgate entry more convergence 
was measured either close to the panel rib or in the middle 
of the entry than close to the chain pillar rib (Figures 53 
and 54). Finally, along the 5N haulage entry, the entry least 
affected by mining, convergence measured at the center of the 
entry nearly equaled or exceeded ribside convergence (Figures 
55 and 56). From these measurements it appears that the maximum 
amounts of convergence are thus related to proximity to pre­
viously distrubed chain pillars close to panel 4N caved area, 
the next largest convergence was at panel ribsides. In entries 
some distance away from the longwall workings maximum entry 
convergence tends to occur at the center of the entry, little 
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Distance from the instrument to the face 
prior to its destruction.
2. The predicted convergence was based on a 
seam height of 11 ft on the tailgate 
and 8 ft on the headgate side.
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It was possible to identify three probable causes re­
sponsible for the measured convergence patterns in the entries. 
The deflection of the roof is the most important followed by 
floor heave and, finally, by squeezing of the panel coal seam 
and pillars. Lowering of the roof was measured by roof-sag 
instruments and accounted for most of the convergence measured 
in entries more remote from the longwall face. Floor heave 
was measured at several locations and although it was generally 
small in amount, less than 0.3-in., it helped to decrease the 
roof-floor height. Pillar and panel coal seam squeezing was 
indicated by the convergence instruments located close to the 
panel and pillar ribs, when the longwall face approached.
Convergence at the York Canyon Mine is apparently related 
to the nature and hardness of the coal seam and surrounding 
rock and to strata separation in advance of the longwall face. 
These conclusions are supported as mentioned before by the 
roof-sag and floor-heave extensometers.
The equations presented by the National Coal Board, 1965, 
p.5 and Alder, 1968, p.63 - 65, predict a convergence near the 
face of about h inch (± 0.05-in. per foot of face height above 
or below three feet) per foot of face advance. In Table 22 the 
convergence predicted by the equation above is compared with 
the convergence measured during mining the last few feet of 
the face to the station.
The observed rate of convergence is generally much lower, 
approximately 85%, than predicted by the equation.
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Convergence data collected at station X and plotted on 
Figure 57 shows the deflection of the roof across part of the 
double headgate entry for panel 5N. The convergence measured 
along the crosscut centerline increased toward the caved area 
of panel 5N.
The continuous convergence recorder and the convergence 
instruments located in station areas E and G made it possible 
to plot the entire convergence curve as a function of distance 
to the face. Some typical curves are plotted on Figures 44 
through 47. As can be seen, these curves have a typical S-shape 
configuration, with the upper and lower branches separated by 
an inflection point. The inflection point is located at a 
position 15-to-60 ft. after the face had passed beyond the 
measuring points. That distance may be related to the strength 
characteristics of the adjacent roof and floor rock, the greater 
distances corresponding to less deformable rock material.
There is some indication from instruments E/C-2, G/C-l 
and X/C-5 that the pressure rear abutment does not exist in 
panel 5N.
Differential Roof-Floor Horizontal Movement Instrumentation:
Panel 5N lies completely under the sidehill slope of a 
mountain as shown on Figure 3. To study the effect of the 
severe sidehill slope on differential roof-floor horizontal 
movement as the panel 5N was being mined-out, ten offset plates
T-1988 123
were installed at each of the following stations: A, B, C,
D, E, G and X, as shown on Figures 9 through 14. The differ­
encial roof-floor horizontal movement instruments consisted 
of plum line instrumentation designed to measure roof or floor 
override and/or lateral displacements induced by mining.
Although the plum line type instruments used were not 
very sensitive they gave a reasonably good idea of relative 
horizontal roof-floor displacement.
A summary of roof-floor horizontal movement is presented 
in Table 23. Figures 58 through 64 show typical movement his­
tories for selected instruments. Some of the data from these 
instruments are presented in Appendix B, Tables B-13, B-14 and 
B-15.
The instruments stationed in the gate entries indicated 
that as the face comes closer to the instrumented site, the 
roof tends to move towards the panel and towards the working 
face. The magnitude of the movement was greater in the tail­
gate entry than in the headgate entry. The components of 
horizontal movement are generally parallel to the direction 
of face advance and directed towards .the longwall panel face 
and ribs. The only exception was presented by instrument A/D-2 
which showed a small differential roof movement towards the 
panel 4N caved area instead of towards panel 5N. The measure­
ment at A/D-2 was the only measurement indicating any possible 
influence of topography on the direction of roof override. 




SUMMARY OF TOTAL DIFFERENTIAL ROOF-FLOOR 
HORIZONTAL MOVEMENT DATA




Instrument Toward face toward rib (ft)
Number (1) (2) (3)
A/D - 2 
B/D - 1 
B/D - 2 
C/D - 2 
D/D - 1 
E/D - 1 
E/D - 2 
G/D - 1 

































1. Component of movement parallel to the 
direction of face advance.
+ indicates movement towards the longwall 
face
2. Component of movement perpendicular to 
the direction of face advance.
+ indicated movement toward the longwall panel.
3. Distance from the differential movement 
station to the longwall face.
+ indicates that the instrument is ahead of 
the face.
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movement pattern and it was finally destroyed without showing 
any significant amount of movement.
The most interesting roof-floor movements were measured 
by the instruments located at stations E, G, and X. When these 
instruments were more than 100-ft. ahead of the face, measured 
roof movements were characterized by one component directed 
towards the face and the other towards the panel rib. After 
that, the component parallel to the face shifted 180° and moved 
towards the SE end of the panel. The component perpendicular 
to the panel rib did not show any change except for station area 
G where it was directed towards panel 6N. Instrument G/D-l 
recorded the maximum differential roof-floor horizontal move­
ment (2.16 inches) towards 6N panel rib.
Roof-Sag and Floor-Heave Instrumentation:
Measurements of differential vertical movement were made 
to determine when and where bed separations occurred within the 
roof and floor strara and how the separation progressed as 
the face moved towards the instrumentation. Differential roof 
and floor movement was obtained by recording the displacement 
between a point or points within the rock and points on the 
surface of the roof and floor.
Twelve roof-sag extensometers were installed in the entries 
adjacent to panel 5N in station areas A, B, C, D, E and G. The 
instruments were installed in pairs 20 ft. apart, with anchors 
at the 5- and 9-ft. level and the 13- and 17-ft. level (Figures
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9 through 13). The floor-heave instrumentation consisted of 
four single-position extensometers anchored at the 10-ft. 
level. They were installed in the middle of the entries at 
stations A, B, E and G.
Some examples of the data obtained are presented in Ap­
pendix B, Tables B-16 through B-20. Figures 65 through 72 
present typical graphs of recorded roof-sag and floor-heave 
by anchor intervals and the total recorded roof sag.
Several conclusions can be drawn from the graphs of roof- 
sag vs. distance to the face. The 0-to 5-ft. interval remained 
generally in tension throughout the life of each station. When 
the face was within 100 to 300 ft. of the instruments, the 
tensile roof strains started to increase rapidly and continued 
until auxiliary roof support was installed in the gate entries. 
At this time a visible decrease in tensile strain occurred. 
After the roof jacks were installed the pattern of increased 
tensile roof strain with each advance of the face was re­
established.
The 5-to 9-ft. interval was generally unaffected by 
mining operations. However, the extensometers located in 
station areas A and C did detect a bed separation occurring 
250 ft. ahead of the face in the case of station A and only 
40 ft. away for station area C. This roof interval remained 
under a tensile strain until instrument destruction. When 
the face came to within 2 ft. of extensometer C/S-2, located 
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more than nine inches. No decrease in sag was reported until 
the destruction of the extensometer. A roof bed separation 
for this interval was also reported by sag extensometers in­
stalled on previously mined panel 4N. According to geologic 
information and observation of the caved area the 5-ft. anchor 
was anchored on a snadstone layer and the 9-ft. anchor was 
anchored in a shale layer.
The 9-to 13-ft. interval in the roof detected another sep­
aration between roof strata. This discontinuity was measured 
in all station areas. In some stations this roof bed separation 
was detected immediately after the first reading was taken, in 
others only when the face had approached to about 200 ft. of 
the station. The reported separation is probably the result 
of a zone of weakness inside a thick sandstone layer.
The 13- to 17-ft. interval was practically unaffected by 
mining operations even at short distances from the face.
Four stations were equipped with floor-heave extensometers. 
The instruments were all anchored at a depth of 10 ft. in a 
layer described as a shaley siltstone. Instruments A/S-10,
B/S-10 and G/S-10 showed increased tensile strain with decreasing 
distance to the longwall face. After that they remained in 
tension until the end of mining. Maximum floor-heave measured 
in the entries was 0.3 in. At the center of the longwall face 
its magnitude was probably greater since floor-heave was appar­
ently responsible for several "hang-ups" of the face conveyor. 
Face floor-heave was not enough, however, to cause any problems
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advancing the shield supports.
Floor-heave was also observed in the cross entries at 
the southeast end of panel 5N. Floor buckling was observed 
over a distance of about 30 ft. close to the tailgate entry.
The face was approximately 350 ft. away when the first signs 
of floor movement were noticed. This was the only occurrence 
of floor buckling visibly observed during the mining of panels 
4N and 5N.
No visible influence on roof-sag readings was noticed 
when the front abutment was located in the vicinity of the 
instruments.
The data indicates that the instrumented interval behaved 
in a manner similar to that of a uniformly loaded, cantilever 
beam. The uniform load being provided by the uncaved, near­
roof behind the shield supports which apparently acts as a 
cantilever beam. The near-roof beam is gripped by unmined coal 
and supplementary roof support. The "beam" is apparently 
subdivided into two zones by bedding plane weaknesses, between 
5 and 9 ft. and 9 and 13 ft. When the face is close, failure 
begins and the beam is subdivided by the zones of weakness.
As failure progresses, overburden load is transferred onto 
the upper main-roof beds and the lower near-roof progressively 
deflects under its own weight.
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CHAPTER III 
SHIELD AND FACE OPERATIONS
Ground Control Operations
Mining operations on panel 5N were characterized by a 
relatively low frequency of roof falls or other ground control 
problems.
Roof falls reported on the longwall face were related to 
caving of the carbonaceous shale layer immediately above the 
main coal seam. The shale layer, averaging 1.5 ft. in thick­
ness, was not mined by the shearer. When the shield roof 
canopies were not extended forward immediately after the shearer 
had passed, the carbonaceous shale layer would fall in blocks 
in the newly mined space between the face conveyor and the 
coal face. Generally these carbonaceous shale blocks were 
large enough to obstruct the discharge point of the face con­
veyor. The mining operations then had to be stopped and the 
carbonaceous shale blocks reduced to smaller fragments with 
a paving breaker.
In a few instances the carbonaceous shale was highly 
fractured and fell through the opening between adjacent shields. 
The first time this occurred was when the face encountered a 
fault zone. The shields in that zone were slightly tilted due 
to the roll in the floor caused by the fault. As a result, 
openings developed between adjacent shields and the highly
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fractured carbonaceous shale fell through. Later on, when 
the face had advanced 1586 ft., a similar roof problem devel­
oped in the area supported by the first six shields on the 
headgate side. The problem also developed during the crossing 
of the fault zone and was corrected with the use of wire mesh 
laid on top of the shields and roof canopies. In both cases 
no special problems were encountered in advancing the shields 
through the two highly fragmented roof areas.
Several "hang-ups" of the face conveyor that occurred 
during the mining of panel 5N were attributed to floor-heave. 
The strength of the badly jointed carbonaceous floor apparently 
decreases under the influence of water sprayed by the shearer. 
Another possible cause was the uneven cut of the floor produced 
by the shearer. The "hang-up" problem was partially solved 
with the installation of face conveyor lifting rams installed 
at the junction of every fifth conveyor pan. These rams tipped 
the conveyor forward and speeded up the process of raising the 
conveyor during stoppages caused by conveyor hang-ups.
Caving Patterns
The caving pattern described for panel 5N was generally 
the same as that observed during the mining of panel 4N.
The first roof fall occurred after thirty feet of face 
advance. It consisted of only top coal and about three feet 
of sandstone. The principal cave occurred after 94 ft. of
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face advance. The total roof span was then 94 ft. plus 16 ft. 
of the start-up entry.
The cave pattern developed after the main roof collapse 
had occurred. The roof tended to collapse uptight behind the 
shield line along the central portion of the face (about 30 ft. 
out from either rib). Along the headgate and tailgate the 
roof would occasionally open up spans of 10 to 50 ft. before 
caving occurred. On several other occasions the caved roof 
followed closely behind the shields both in the headgate and 
tailgate. This frequently occurred when the longwall face was 
in line with adjacent crosscuts.
The main factor controlling caving of the roof was appar­
ently the clearly defined east-west joint set. Large straight­
sided sandstone blocks often came down along the east-west joint 
sets without breaking up, appearing as a floor-to-roof sandstone 
wall in the gob.
The visible gob consisted of two parts: on the bottom,
small blocks and fragments of coal and carbonaceous shale 
which had formed the immediate roof were visible and in the 
upper part large blocks and slabs of roof snadstone could be 
seen. The sandstone blocks varied in size from less than 2-ft. 
on a side to over 6-ft. on a side. As a result of interblock 




Table 24 summarizes monthly face positions during mining 
of panel 5N. Monthly face positions are plotted on Figure 73.
TABLE 24
MONTHLY FACE POSITION 
LONGWALL PANEL 5N
Date Headgate (ft) Tailgate (ft)
Aug 31 76 223 225
Sep 30 76 465 449
Oct 26 76 660 661
Nov 30 76 873 849
Dec 30 76 1027 1040
Jan 31 77 1200 1164
Feb 22 77 1360 1332
Mar 29 77 1600 1571
Apr 28 77 1929 1900
May 12 77 2020 1984
As in panel 4N, the only major problem to mining operations 
was the occurrence of large blocks of coal sloughing off of 
the face. The coal lumps together with blocks of carbonaceous 
shale which occasionally caved from the roof caused frequent 
obstructions at the discharge point of the face conveyor. On 
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during the shift to reduce coal lumps and carbonaceous shale 
blocks to smaller fragments. The full-face method of mining 
initially employed had to be changed to half-face methods to 
cope with the lump problem. The cut was made from the tail­
gate towards the headgate, thus avoiding the blockage of the 
shearer by coal lumps on the tailgate side of the shearer.
Lumps of coal were generally present at any location 
along the face, but the largest number were reported as coming 
from the center of the longwall face through to the tailgate 
zone. The size of the lumps was variable but blocks with a 
maximum of 3 ft. by 4 ft. by 6 ft. were common. These blocks 
posed a potential safety hazard due to their dimensions and 
special safety precautions were taken to protect the shearer 
operators.
An attempt was made by the USBM group from Pittsburgh to 
hold the coal lumps in place with fully polyurthane grouted 
wooden dowels. The cost of the grouting operations was such 
that Kaiser Steel Co. decided not put it into practice. A
i
possible solution for the coal lump problem would be to have 
the longwall face oriented parallel to the butt cleat, because 
this cleat is poorly defined. In this way the face would be 
perpendicular to the main cleat oriented east-west which should 
probably result in a reduction in size and frequency of coal 
lumps.
Face Faulting
During the first part of September a roll was encountered
T-1988 150
on the floor near the tailgate. On September 23, 1976, the 
roll became a fault of about 5-ft. displacement. The fault 
was a normal fault, trending approximately N60°W and dipping 
to the south (Figure 73). In Table 25 data is presented on 















9/27/76 443 424 345 45° SW 5
9/29/76 463 444 343 4 5° SW 4
9/30/76 465 449 340 34° SW 4
10/4/76 485 466 335 60° SW 5
10/5/76 490 471 335 30° SW 1
NOTES:
(1) Distance from the headgate to point where fault
intersected the roof.
The face at the fault zone had to be drilled and shot in
order for the shearer to pass. On October 5, 1976, the fault 
disappeared.
The uneven floor and roof surfaces caused only minimal 
problems when advancing the shields.
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Shield Performance
Performance of the shields was considered satisfactory. 
Zones of soft floor or bad roof were negotiated by the shields 
without any significant problems.
Shield maintenance was limited to replacement of control 
valves, sheared bolts on the roof canopies and push rams. Mal­
function of yielding valves caused five shield legs to be either 
broken or badly bent. The first time leg damage was reported 
was on December 16, 1976, when the headgate leg on shield 52 
did not lower. The damaged leg eas removed and a spare leg 
was installed. The problem was a break in the hollow piston 
rod where the mechanical extension had been forced to the side. 
The headgate leg on shield 63 showed similar damage. In this 
case, the hollow piston rod bent but did not break. On January 
3, 1977, two more shield legs failed. Both were at the same 
location as the previous two and in the same manner. The yield 
valves of the shields with damaged legs were tested and did not 
yield at the designed 10,000 psi. Failure of the legs was at­
tributed to failure of the yield valve to release the load 
when the pressure in the leg exceeded 10,000 psi. The legs 
on either side of the failed leg yielded at approximately 175 
tons. The failed shield leg was subjected to a load in excess 
of 300 tons. The leg bowed slightly under this load and the 
piston rod bound in the upper guide ring and seal. The leg at 
this point became mechanically rigid and failed under the in­
creasing load transferred to it from the yielding legs around
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it. After the yield valves were replaced with new yield valves 




The subsurface instrumentation program at Kaiser Steel 
Corporation's York Canyon Mine was designed to determine loads 
imposed upon the shield supports by longwall mining and the 
reaction of the rock mass to longwall mining. The subsurface 
program included a longwall panel instrumentation sequence and 
a program of laboratory and in situ physical rock property 
determination.
Physical Rock Properties
Only coal samples collected at several locations along 
the panel 5N longwall face were available for estimation of 
physical properties. Floor and roof rock units were tested 
previously during mining of panel 4N. A summary of physical 
testing results is presented in Table 1, p. 31.
The tests performed indicated that the roof sandstone was 
extremely variable in physical properties. Such variability 
is probably the result of thin coal stringers scattered 
throughout the roof sandstone. The coal is the most uniform 
of the three rock types tested and can be characterized as a 
relatively low strength and stiffness coal. The floor sand­
stone is the most competent rock tested and can be character-
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ized as a high compression strength with low elastic stiffness 
sandstone.
In situ testing consisted of plate bearing tests and coal 
rebound hardness determinations. Results obtained from both 
tests are summarized in Table 2, p.42, and Tables 4 and 5, pgs. 
49 and 52.
The results of the plate bearing tests were particularly 
important since they furnished strength characteristics for 
the boney coal at the top of the coal seam and for the carbon­
aceous shale at the bottom of the seam. The measured bearing 
strengths of these layers are high enough to support the loads 
imposed by the longwall shields.
Coal rebound hardness was extremely variable. However, 
there was some evidence of a higher coal hardness zone in the 
middle of the panel. No correlation between coal rebound hard­
ness and shearer power consumption was established.
Subsurface Instrument Data
Subsurface instrumentation was classified in two cate­
gories: support load instrumentation and entry instrumentation.
Support Load Instrumentation:
Support loads were measured on nine selected shields 
equipped with hydraulic pressure recorders. The data collected 
is summarized on Tables 8 and 9, pgs. 62 and 63.
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No consistent pattern of differential loading of either 
one of the shields legs was found. Final shield loads for the 
center of the panel were generally higher than those for the 
shields closer to the gate entries. The maximum roof support 
load applied by the shields was 57.1 tons per ft. of face. The 
loads applied by the shields to the roof were higher on the tail­
gate side than on the headgate side.
The fault encountered during face mining operations did 
not cause any significant increase or decrease in applied roof 
load, anywhere along the face.
Entry Instrumentation:
Entry instrumentation consisted of the following types of 
instruments: hydraulic pressure cells, convergence meters, dif­
ferential roof-floor horizontal movement instrumentation and 
borehole extensometers.
Hydraulic Pressure Cells: Panel pressure cells provided informa­
tion about location of onset of front abutments and onset of the 
destressed zones.
The width of the pressure arch is apparently related to 
the depth of overburden and this relationship is plotted on Figure 
30, p.78.
The estimated locations of the peak abutment pressures 
ahead of the face were compared with measured pressure release
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locations. The observed values were about twice as large as the 
computed values. A decrease of the rock mass cohesion upon 
crushing of the face could cause this difference.
Pillar pressure cells were installed in chain pillars 
adjacent to longwall panel 5N. The behavior of these pressure 
cells was quite similar to the one presented by the panel pres­
sure cells. The distance to the onset of front pressure abutment 
indicated by the tailgate chain pillar pressure cells was more 
than twice as far from the face as the distance indicated by 
the panel pressure. The distance indicated by the headgate chain 
pressure cells was similar to that indicated by the panel pressure 
cells.
The presence of the rear pressure abutment (if any) could 
not be positively established because the pressure cells were 
destroyed before that information could be collected.
Convergence Instrumentation: A summary of convergence instru­
mentation results is presented in Table 21, p.102.
Convergence at the York Canyon Mine is apparently related 
to the nature and hardness of the coal seam and surrounding rock, 
and to strata separation in advance of the longwall face. TheSe 
conclusions are based on measured convergence, and roof-sag and 
floor-heave measurements.
No correlation between the magnitude of convergence and 
overburden depth was found. Convergence was apparently related 
with conditions of the particular location of each convergence
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instrument within the station area.
Convergence measured by instruments located within 10 ft. 
of the face was considerably less than that reported by other 
investigators.
Differential Roof-Floor Horizontal Instrumentation: The data
seems to indicate that the roof tended to move towards the panel 
and towards the working face, as the face advanced. Only one (1) 
instrument of the ten installed presented results that could be 
related to topographic conditions.
Instruments located on 5N haulage entry presented a dif­
ferent movement pattern. After the face had advanced to within 
100 ft. of the instruments, the component of the movement parallel 
to the face shifted 180 degrees and pointed towards the south­
east end of the panel, thus following the face position. The 
component perpendicular to the face did not show any significant 
change in direction.
Roof-Sag and Floor-Heave Instrumentation: Two probably bed sep­
arations in the roof were detected by the roof-sag extensometers, 
one between the 5- and 9-ft. levels and the other in the interval 
9 to 13 ft. In general the roof-sag instrumentation indicated 
that the massive roof sandstone behaved like a uniformly loaded 
cantilever beam prior to caving.
Floor-heave up to 0.3 in. was recorded by floor-heave 
extensometers installed in the entries. Floor-heave at the
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longwall face was probably the cause for face conveyor "han$~up". 
Floor-heave was also observed in the cross entries at the end of 
panel 5N.
Shield and Face Operations
Mining operations on panel 5N were characterized by a 
relatively low frequency of roof falls or other ground control 
problems. Throughout mining of panel 5N roof falls related to 
caving of the carbonaceous shale layer immediately above coal 
seam were quite common. Such roof falls were avoided or sig­
nificantly reduced by extending the shield roof canopies immedi­
ately after the shearer had passed. In two instances, roof shale 
fell through the space between adjacent shields causing some 
problems that were solved with the installation of wire mesh 
laid on top of the shields at these locations.
Floor-heave was probably responsible for several "hang­
ups" of the face conveyor. The other possible cause was the 
uneven floor cut made by the shearer.
The major ground control problem affecting mining opera­
tions was the large number of coal lumps sloughing off of the 
face, probably caused by the response of the cleat orientation 
to the abutment load. A reorientation of the longwall panel with 
its face normal to the main cleat system would probably result 
in a significant decrease in the amount and size of the coal 
lumps falling from the face.
The main roof collapse occurred after an initial span of
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110 ft. opened up behind the shields. After this initial caving 
a consistent cave pattern developed. The roof collapsed uptight 
behind the shields line along the central portion of the face. 
Along the headgate and tailgate the roof would open up with spans 
of 10 to 50 feet before caving. Apparently, the clearly defined 
east-west joint set was the main factor controlling caving of 
the roof. The cave contained large straight sided sandstone 
blocks that varied in size from less than 2 ft. on a side to 
over 6 ft. on a side.
During the last week of September the shield face nego­
tiated a fault zone without any significant problems.
The performance of the shields was considered satisfactory. 
Failures of yield valves caused damage to five shield legs. Be­
sides the replacement of those legs, only minor routine mainten­







This appendix presents a summary of the field procedures 
utilized in the underground phase of the shield-type support 
demonstration at Kaiser Steel Corporation's York Canyon Mine 
near Raton, New Mexico. Field procedures involved three general 
areas of activity: determination of panel geology, determina­
tion of in situ rock properties, and subsurface instrumentation.
Geologic Field Methods
The stratigraphy and geologic structure of panel 5N was 
determined from a program of field exploration that included the 
examination of mine workings, surface outcrops and borehole 
geophysics. The field program was designed to provide a detailed 
description of the geologic setting of the longwall panel in­
cluding the occurrences of joints, faults and other geologic 
discontinuities. A summary of field procedures follows:
Surface outcrops and mine workings adjacent to the long­
wall panel were examined for selected geologic factors that would 
affect mining operations (McCulloch and others, 1975). Partic­
ular attention was directed at determining rock stratigraphy and 
lithologies as well as the orientation of joints, faults and 
coal cleats. Geologic field methods outlined by Lahee (1961) 
were utilized throughout the program.
The orientation of joints and cleats were determined
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utilizing the detailed line method (Savely, 1972). This method 
utilizes fracture orientation measurements with a Brunton compass 
along a line across the outcrop or exposed face.
A reference line is spray painted across the outcrop at 
a convenient height. The line can either be horizontal or in­
clined at a slight angle. A measuring tape, fixed at both ends, 
is placed along the outcrop coincident with the reference line. 
Starting at the zero point, a traverse across the outcrop is per­
formed. The following data are recorded for every joint, fracture 
or other geologic discontinuity that intersects the zone one foot 
above and below the reference line:
1 - Type of feature (joint, fault, etc.)
2 - Distance from the starting point measured along the
tape (where the fracture does not intersect the ref­
erence line, its projected intercept is utilized),
3 - Strike and dip
4 - Trace length
5 - Continuity
6 - Tightness (open or closed)
7 - Character of fracture surface (smooth, slickensided,
irregular, etc.)
8 - Planarity (planar, curvilinear, etc.)
The strike and dip data are then plotted on a Schmidt Equal Area 
Net as poles to the planes. These are contoured to determine 
principal orientations. All this data is available in Stewart's
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(1977) report.
Borehole geophysics was performed on the surface borings 
drilled to install the two multiple-position borehole extenso- 
meters. Resistivity, density and natural gamma ray count were 
determined in each test boring. The geophysics was run by 
Century Geophysics Corporation of Denver, Colorado. Kaiser 
Exploration of Raton, New Mexico provided a lithologic inter­
pretation of the geophysical logs.
In Situ Rock Property Determinations
Several tests were performed to determine the physical 
properties of the in situ rock. These tests included plate bearing 
tests on the roof and lfoor adjacent to the coal seam and Schmidt 
Hammer hardness determinations along the coal seam.
Relative rebound hardness values for the coal seam were 
obtained with a Soil Test, Inc., rock classification hammer. This 
provided Schmidt hardness values for the coal seam. Coal hard­
ness was determined at selected points along the entries adjacent 
to panel 5N. Test points were positioned between 5 and 6 ft. 
above the floor of the entry and were spaced 50 ft. apart along 
unmined portions of the panel.
The test procedure involved placing the rock hammer per­
pendicular to a level surface on the coal. With the hammer in 
place, the plunger was depressed with a gradual increase in 
applied pressure until it impacted. A reading was then obtained
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from the scale on the side of the test hammer. This procedure 
was repeated five times at each test point and the last three 
readings were recorded and averaged to obtain the hardness value 
for that test location. The average hardness value was utilized 
to determine an approximation of the tangent modulus of defor­
mation, E, by the following formula (Deere and Miller, 1965):
E = (0.259R - 4.29) x 106 
Where R = Schmidt hardness value.
In situ jacking tests were performed to determine the 
bearing capacity of the roof and floor adjacent to the coal seam. 
Test sites spaced between 400 and 500 ft. apart were located in 
entries along both sides of panel 5N. Only one test was per­
formed on 5N tailgate entry since several tests were made in 
that entry during the 4N testing program. The test equipment 
was provided by the Colorado School fo Mines. A detailed de­
scription of this type of testing equipment is presented by 
Barry and Nair (1970). A brief summary follows:
The testing apparatus consisted of the following equipment:
a) a 200 ton capacity hydraulic ram with a stroke of 
approximately 5.5 inches.
b) A 10,000 psi hand operated hydraulic pump with a 
400,000 lb. load gauge installed.
c) A T-2 theodolite used as a level sighting device to 
measure strata penetration and ram extension remotely 
by observing movement of separately attached scales
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having 0.01 inch divisions.
d) A set of square penetrometer plates of dimensions
6-in. by 6-in., 8-in. and 10-in. by 10-in. The plates
were 2 inches thick with rounded edges.
e) Miscellaneous parts including high-strength steel
tubular sectionalized extensions, high-pressure hy­
draulic lines, high pressure valves and fittings and 
construction tools required for preparation of test 
sites.
The test procedure at a test location involved three 
phases: selection and preparation of the test location, roof
bearing capacity test and a floor bearing capacity test.
The test sites were located along the headgate haulage 
entry and the tailgate entry adjacent to panel 5N in an area 
that appeared to be representative of normal conditions. In 
preparing the test site the roof and floor were cleaned of loose 
material and the test surfaces were made as flat as possible.
The equipment was set up such that the bearing area opposite the 
penetrometer test plate was much larger than the penetrometer 
plate area. The graduated sclaes were attached separately to 
the ram and casing to measure penetration of the test plate and 
deformation beneath the bearing plate. The theodolite-was set 
up 10 to 15 ft. away from the test assembly and sighted on the 
two graduated scales.
The test procedure involved applying a load, at a con­
stant rate, until a predetermined stress level was reached. While
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the constant load was maintained, penetration values for both 
the bearing plate and the penetration plate were recorded. The 
elapsed time since the stress level was first reached was also 
recorded with each corresponding penetration value. Data was 
taken at a specific stress level until penetration had essen­
tially ceased. At this time the load was increased to a second 
stress level and the recording procedure repeated. The test was 
terminated when the rock failed or the capacity of the ram was 
reached.
The data was subsequently reduced to yield a graph of 
applied load vs. recorded deformation. The straight line por­
tion of the graph prior to failure was utilized to provide data 
to calculate a tangent deformation modulus, D^, in psi/0 .001-in. 
The modulus Dt, along with Poisson's ratio values for the appli­
cable rock type were used to determine Young's Modulus, E^, 
according to the following formula (Deere, 1968) :
M P (I-u2)
t -^ W Ao
Where: M - shape factor for a square penetration plate
(M = 0.95)
P - total normal load 
u - Poisson's ratio
WQ - average displacement of the loaded surfade 
A - area of the loaded surface
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Subsurface Instrumentation
Subsurface instrumentation was installed on selected 
shield supports along the face and along the entries adjacent 
to the longwall panel. The instrumentation consisted of the 
following types: shield pressure recorders, panel pressure
cells, roof-floor convergence, differential roof-floor horizon­
tal movement, roof-sag and floor-heave. A summary of instru­
mentation installation, monitoring procedures and recommended 
modification follows.
Shield Pressure Recorders:
Hydraulic pressure recorders were installed on selected 
shields to determine the loading history of each shield leg. The 
instruments were 9-inch, continuous pressure recorders manufac­
tured by the U.S. Gauge Division of Ametek, Inc. Each recorder 
was equipped with a 10,000 psi element and a spring-wound chart 
drive. The chart drive had a seven day rotation period with an 
8-day wind.
Each recorder was equipped with fiber tipped, capillary 
action, Cannon inking pen. These pens performed well throughout 
the project period.
The recorder was attached to the shield with a 3/8-inch 
bolt installed via a hole drilled in the back of the recorder box 
and through the base of the shield just below the hinge point for 
the gob shield. A T-fitting was installed in the hydraulic line
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to the shield leg, and a connection was made to the recorder’s 
pressure element.
After the recorder was installed and the system checked 
for leaks, the pressure recorder was calibrated. The following 
calibration procedure was utilized:
1. An adjustable pressure gauge with a range of 0 to 
10,000 psi was calibrated with a dead weight tester.
2. This pressure gauge was installed in series with the 
shield recorder to be calibrated.
3. A load of approximately 2000 psi was imposed upon the 
system.
4. The shield pressure recorder was adjusted according 
to direction in the instruction manual to correspond 
with the reading on the calibration gauge.
5. The system was pressurized to the maximum obtainable 
pressure (approximately 4500 psi) and the recorder was 
again adjusted to correspond to the calibration gauge.
6 . Steps 4 and 5 were repeated with corresponding re­
corder adjustments until the calibration gauge and 
pressure recorder agreed throughout the pressure range
The recorder charts were changed and recorder performance 
was monitored on a weekly basis. The shield and leg number, date 
time and pressure were recorded on each chart as it was removed. 
The setting pressure, final pressure and time for the leg to 
assume the final pressure were tabulated for selected dates to 
provide data for subsequent analysis of shield load history.
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Shields number 77 and 85 were equipped with dual pen 
recorders. Both dual pen systems performed well and provided 
good quality records. The only problem with the dual pen in­
stallation is that a recorder malfunction results in an incom­
plete record for both legs.
Face Instrumentation:
Coal hardness was determined with a rock classification 
hammer that provided Schmidt hardness data. No correlation 
with the panel power consumption was possible because the KVA 
recorder was not operational during mining of panel 5N.
Entry Instrumentation:
Instrumentation was installed in entries adjacent to the 
longwall panel to determine the effects of mining advance upon 
rock mass response. Four types of instrumentation were installed: 
panel and pillar pressure cells, roof-floor convergence, differ­
ential roof-floor horizontal movement and roof-floor horizontal 
movement and roof-sag and floor-heave.
Panel and Pillar Pressure Cells: A total of twenty-three hydraulic
pressure cells were installed at various locations within and 
adjacent to panel 5N. The design and operation of the pressure 
cells are described in detail in Millar and Sporcic (1964) . The 
pressure cells used during the project were constructed by the
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U.S. Bureau of Mines with assistance from Colorado School of 
Mines personnel. Installation was done by CSM personnel with 
assistance from U.S. Bureau of Mines and Kaiser Steel Corporation 
personnel. A brief description of the instrumentation and a 
summary of the installation and monitoring procedures follows.
The pressure cell consisted of three separate parts: the
pressure element, a pressure recording device and a length of 
copper hydraulic line. The pressure element was constructed of 
l-̂ ln. I.D. soft copper tubing. The tubing was cut in 10-in. 
lengths and flattened through the center to leave the edges 
slightly round. A 5/8-in. wide steel ring was placed at each 
end of the flattened pressure element as reinforcement. The 
ends of the flattened element were then silver-soldered together 
with a 1/8-in. O.D. copper hydraulic line soldered in place at 
one end. The cell was encapsulated with Vitroplast to a final
diameter of 2 in. An orienting loop was placed at the end with
the hydraulic line to aid in placing the pressure element in the
correct position. The system was then filled with low viscosity
hydraulic fluid and checked for leaks.
The panel pressure cells were installed by drilling a hole 
into the coal about 4 ft. above the floor. The hole was drilled 
with a diameter of 2-1/4 in. to the desired installation depth.
The final 2 ft. of hole was then drilled with a diameter of 2 in. 
to provide a snug fit for the pressure element. The element was 
placed into the hole and oriented with the flattened sides in 
the horizontal plane. After the pressure cell was oriented, the
ARTHUR LAKES LIBRARY 
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO 80401
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system was prestressed by applying a pressure between 800 and 
1000 psi for about 1 minute. This fractured the pressure cell 
casing and partially opened the element body. After prestressing, 
the pressure was reduced until it was approximately equal to the 
estimated overburden load. The twenty-three pressure cells in­
stalled around panel 5N were set with a pressure of about 500 
psi after prestressing.
The pressure cells installed in the center of the chain 
pillars adjacent to panel 5N were oriented at an angle of 90°
with the panel centerline and installation depth was 25 ft. The
pressure cells installed in the longwall panel were installed 
in pairs, one at a 30 ft. depth and one at a 50 ft. depth. The 
pressure cells were placed at a slight angle so that the pres­
sure element was ahead of the pressure recorder. The 50 ft.
ocells were oriented at an angle of 8 0 from the panel centerline, 
and the 30 ft. cells were oriented at an angle of 70°. This
allowed monitoring of the pressure element up to the time it was
destroyed by mining without endangering the pressure recording 
device.
The panel pressure cells were installed initially with a 
1000-psi pressure gauge. Readings were taken every other day 
for about two weeks after the cell was installed to determine 
the magnitude of the initial pressure drop. Thereafter, readings 
were taken monthly until the longwall face approached to within 
300 to 250 ft. of the pressure cell. At this time, a continuous 
pressure recorder, equipped with a spring-wound clock mechanism,
was installed. The pressure charts were changed weekly until 
the pressure element was destroyed by mining.
The pressure records were analyzed to determine the dis­
tance from the pressure element to the longwall face at the onset 
of the pressure abutment and the distance to the face at the 
point pressure release occurred prior to the element's destruction.
Convergence Instrumentation: Instrumentation was installed to
monitor roof-floor convergence as mining advanced through the 
longwall panel. A total of twenty-seven instruments were grouped 
into seven instrument station areas.
A convergence instrument consisted of 4-in. expanding shell 
rock anchors, 1-5/8 in. in diameter, installed on a vertical line 
in the roof and floor. The anchors were installed in 1-7/8 in. 
holes drilled 8 to 12 in. deep. The rock anchors were obtained 
from Terrametrics, Inc., of Golden, Colorado. They were installed 
by CSM personnel in holes drilled with a jackleg drill.
The installation procedure consisted of drilling the holes
and then clearing the area of broken rock and debris. The anchors
were installed and tightened in place with a wrench. Each anchor 
had a 1/8 in. threaded hole in the tightening nut that was used 
to install a 3/4 in. eyelet. A steel plate was placed over the 
floor anchor for protection.
Convergence measurements were obtained with a tape extenso- 
meter manufactured by Terrametrics, Inc., of Golden, Colorado.
The tape extensometer consisted of a 50-ft., steel tape with an
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end hook to mate with the roof anchor. The tape had holes spaced 
every 1.5 in. that accepted a pin on a spring mounted shaft that 
was connected with a dial micrometer. The micrometer assembly 
hooked to the floor anchor. Measurements were recorded to 0.001 
in. along with the corresponding date, time and longwall face 
location. Convergence readings were obtained every two weeks 
until an accelerating convergence rate was noted. Readings were 
then taken weekly. When the face advanced to within 50 ft. of 
the instrument daily readings were obtained. During the last 
10-ft. of face advance readings were taken after each cutting 
cycle.
Convergence data was plotted vs. elapsed time and face 
distance to determine the point at which accelerating conver­
gence was first noted. This was tabulated vs. overburden depth 
in an attempt to predict the effect of overburden thickness on 
roof-floor convergence in advance of the longwall face.
A continuous recording convergence meter was used to gather 
convergence data in four crosscuts adjacent to panel 5N. The 
instrument was purchased from Terrametrics, Inc., of Golden, 
Colorado. The recording convergence meter consisted of two 
telescoping' tubes and a drum, stylus, spool and an aluminum 
cover. The largest diameter telescoping tube (1-3/8 in. O.D.) 
was anchored to the floor by a rock bolt anchor. The smallest 
diameter telescoping tube (1-^ in. O.D.) was anchored to the roof 
by rock bolt anchors and telescoped inside the larger tubing 
by a distance of about 1 ft. The convergence meter was attached
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to the lower tubing. The roof-floor convergence was recorded 
in a chart attached to the drum driven by a clockwork motor.
The drum had two available speeds: 24 hours or 7 days movement.
The stylus arm could be installed in such a way to give a 5:1,
2:1 or 1:1 magnification of the convergence. The charts were 
removed weekly or daily according to the relative position to 
the longwall face. The interpretation of the data recorded in 
the charts was similar to the interpretation of the convergence 
data obtained with the tape extensometer.
The convergence instrument's location and density was found 
to be satisfactory. No damage was done to the instruments due 
to traffic in the entries. Only water or large slabs of coal 
covering the floor bolts prevented convergence readings from 
being taken. The floor bolts were located deep enough (about 
1-ft.) to stay firmly in place even when the floor was saturated 
with water.
For better instrument protection a possible solution would 
be to install the floor point at the bottom of a 12-in. diameter 
hole 1 ft. deep. The sides of the hole could be cased with PVC 
pipe and a steel plate laid over the hole to prevent inflow of 
rock debris.
The continuous convergence recorder should be installed 
three or four feet away from the ribs and in crosscuts where 
there is less traffic.
Differential Roof-Floor Horizontal Movement Instrumentation: In­
strumentation was installed to monitor differential roof-floor
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horizontal movement as mining advanced through the longwall 
panel. A total of ten instruments were distributed among seven 
station areas.
A horizontal movement instrument consisted of a roof- 
mounted rock anchor similar to that utilized for the convergence 
instrumentation and a 7-in. square, 1/4-in. steel plate grouted 
into the floor. They were installed by CSM personnel in holes 
drilled by CSM personnel with a jackleg drill.
The installation procedure consisted of drilling the roof 
hole and installing a roof anchor. The roof anchor was equipped 
with a hook to accept a plumb-bob string. A plumb-bob was util­
ized to establish the floor locations for the steel plate. The 
floor area was then cleared of debris and broken rock. A 1-ft. 
square concrete pad was poured and the steel plate laid on top 
in a level configuration. Once the concrete had set, the plumb- 
bob was utilized to establish the zero reference point. This 
was marked with a steel punch to provide a permanent point. A 
Brunton compass was utilized to establish a north arrow through 
the zero point and a line was scribed for permanent reference.
Horizontal movement measurements were obtained by noting 
the compass bearing and distance between the zero reference 
point and the tip of the plumb-bob suspended from the roof 
anchor. Measurements were recorded to the nearest degree and
0.02-in. along with the corresponding date, time and longwall 
face location. The readings were taken once a month until 
either accelerating convergence was noted or large changes in
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horizontal movement were noted. Readings were then obtained 
every two weeks until the face position advanced to within 50 
ft. Daily readings were taken after each cutting cycle.
The horizontal movement data was reduced to components 
of movement parallel to and perpendicular to the panel center- 
line. This was in an attempt to determine the amount of roof- 
override as the rock caved into the extracted zone behind the 
shield face.
The instruments were not very precise but worked well 
through the mining of the longwall panel.
Roof-Sag and Floor-Heave Instrumentation: Instrumentation was
installed to monitor roof-sag and floor-heave as mining advanced 
through the longwall panel. A total of twelve roof-sag instru­
ments and four floor-heave instruments were grouped into six 
instrument station areas.
A roof-sag instrument consisted of a pair of double point 
extensometers mounted into the roof along entry centerline.
One extensometer was constructed with anchors at the entry roof, 
at the 5-ft. level and at the 9-ft. level. The second instru­
ment had anchors at the 13 and 17 ft. levels in addition to the 
collar anchor. A floor-heave instrument consisted of a single 
anchor at the 10-ft. level and a collar anchor at the floor-entry 
interface. The extensometers were purchased from Terrametrics 
Inc., of Golden, Colorado. They were installed by CSM personnel 
in holes drilled by CSM personnel.
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A typical installation sequence follows:
1. Two vertical holes, 1-7/8 in. in diameter were
drilled into the roof and one into the floor at the
selected instrument location. The holes were drilled 
9, 17 and 10 ft. respectively. All instrument compo­
nents were delivered to the site unassembled.
2. The long anchor was assembled first. It consisted
of a 4-in. rock anchor with a 1/8-in. threaded hole
in-the hexagonal tightening nut. A section of 1/8-in. 
stainless steel rod was screwed in place and the 
assembly was inserted in the hole. If additional 
lengths of stainless steel rod were required they 
were mated with a threaded brass collar.
3. After the anchor was placed in the hole it was set 
with a segmented setting tool. This tool consisted
of a "T" handle, various lengths of pipe with a socket- 
type end. The socket was designed to fit the hexagonal 
tightening nut on the rock anchor.
4. After the long anchor was set, the end was trimmed 
flush with the hole collar, and a small brass cap was 
fitted on the end to provide a flat bearing surface.
5. The intermediate anchor consisted of a 4-in. rock 
anchor with a 3/8-in. hole drilled through the 
tightening nut and bolt. The instrument was assem­
bled with a 3/8-in. galvanized pipe. The same set­
ting tool was utilized to set the intermediate anchor. 
The 3/8-in. pipe was trimmed so that it extended
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approximately ^-in. past the brass cap on the stain­
less steel rod. A brass cap was threaded onto the 
3/8-in. pipe to provide a flat bearing surface.
This cap had a large hole to provide access to the 
cap on the 1/8-in. rod inside.
6 . The collar anchor was then slipped over the entire 
assembly and positioned so that the brass cap on the 
3/8-in. pipe was %-in. inside the collar assembly.
The collar anchor was set with the setting load and a 
brass cap with two holes screwed over the collar anchor 
to provide a flat surface with access to the brass 
bearing caps on the 3/8-in. pipe and the 1/8-in. rod.
Roof-sag measurements were taken with a dial micrometer 
outfitted with stainless steel probes. Measurements were taken 
of the distance between the collar anchor bearing plate and the 
respective brass caps on the ends of each anchor assembly. The 
values were recorded along with the corresponding date, time 
and face position. Measurements were taken monthly until the 
face advanced to within 50 ft. when daily readings were taken. 
During the last 10 ft. of face advance, readings were taken 
after each cutting cycle.
Excepting small problems encountered during the instal­
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SUMMARY OF ROOF-BOLT 





Date/Time #1 #2 #3
Jun 1 1490 1516 1597
Jun 1 1493 1533 1600
Aug 2 1490 1516 1592
Aug 3 0846 1488 1512 1588
Aug 3 0854 1488 1512 1587
Aug 3 1054 1488 1513 1592
Aug 3 1128 1655 I 1757 1689
Aug 3 1214 1639 1734 1662
Aug 3 1350 1632 1720 1654
Aug 4 0744 1621 1694 1640
Aug 4 1010 1622 1698 1640
Aug 4 1156 1622 1694 1642
Aug 5 0730 1619 1690 1636
Aug 6 0717 1618 1688 1638
Aug 11 0848 1618 1687 1638
Aug 17 , 1020 1619 1692 1642
Aug 19 1248 1618 1691 1642
Aug 23 1034 1626 1698 1654
Aug 27 1322 1638 ; 1715 1657
Aug 31 1112 1645 1722 1661
Sep 7 1014 1656 1748 1666
Sep 10 0840 1659 1751 1669
Sep 14 1010 1664 1759 1669
Sep 21 1010 1663 1802 1710
Sep 24 0909 1695 1807 1702
Sep 23 1005 1736 1820 1647
Oct 5 1002 1747 1837 1664




SUMMARY OF ROOF BOLT DATA 
STATION *22, GAGE #112 
HELICAL BOLT
GAGE READINGS
Date/Time #1 #2 #3
Jun 1 1638 1510 1471
Jun 1 1647 1524 1477
Aug 2 1639 1612 1476
Aug 3 1230 1635 1509 1472
Aug 3 1257 1942 1729 1653
Aug 3 0155 1931 1725 1649
Aug 4 0748 1917 1714 1643
Aug 4 1200 1918 1715 1644
Aug 5 0734 1912 1711 1641
Aug 6 0721 1911 1710 1641
Aug 11 0837 1908 1711 1640
Aug 17 1018 1909 1710 1640
Aug 19 1246 1919 1714 1643
Aug 23 1035 1935 1721 1650
Aug 27 1324 1931 1718 1648
Aug 31 1113 1937 1720 1649
Sep 7 1016 1944 1722 1652
Sep 10 1943 1723 1652
Sep 14 1011 1931 1715 1647
Sep 21 1001 1940 1717 1650
Sep 24 0917 1935 1712 164 £
Sep 28 1007 1930 1709 1645
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